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Disk drive with acceleration rate sensing.

@ A data recording disk drive includes acceler-
ation rate sensing for controlling or maodifying
one or more disk drive operations in response
to external shock or vibration. An acceleration
rate sensor is mounted on the disk drive hous-
ing and provides direct detection of acceler-
ation rate of the disk drive when subjected to
external shock or vibration. The sensor includes
two spaced-apart piezoelectric transducers that
operate in current mode. The transducers are
connected to an interface circuit that generates
two voltage signals that are directly pro-
portional to the angular and linear acceleration
rates, respectively, when the disk drive is sub-
jected to an external force. The disk drive mi-
crocontroller uses the voltage signals to inhibit
writing of data or modify the servo control
signal to maintain the heads on track during
track seeking or following. The microcontroller
can also combine the two signals to determine
the acceleration rate of an unbalanced rotary
actuator, which can then be used to modify the
servo control signal. This permits the use of an
unbalanced rotary actuator, which makes the
disk drive smaller and lighter and reduces
power consumption.
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This invention relates in general to data recording disk drives, and more particularly to magnetic recording
disk drives that use shock or vibration sensing to modify certain drive operations, such as inhibiting the reading
or writing of data.

Disk drives, also called disk files, are information storage devices that use a rotatable disk with concentric
data tracks containing the information, a head or transducer for reading and/or writing data onto the various
tracks, and an actuator connected to a carrier for the head for moving the head to the desired track and main-
taining it over the track centerline during read and write operations. The most common form of actuator is a
rotary voice coil motor (VCM) actuator that moves the head carrier in a nonlinear, generally arcuate path across
the disk. There are typically a number of disks mounted on a hub that is rotated by a disk drive motor, and a
number of head carriers connected to the actuator for accessing the surfaces of the disks. A housing supports
the drive motor and head actuator and surrounds the heads and disks to provide a substantially sealed envir-
onment. In conventional magnetic recording disk drives, the head carrier is an air-bearing slider that rides on
a bearing of air above the disk surface when the disk is rotating at its operational speed. The slider is maintained
next to the disk surface by a biasing force from a suspension that connects the slider to the actuator.

In contrast to conventional air-bearing disk drives, contact or near-contact disk drives have been proposed
that place the head carrier in constant or occasional contact with the disk or a liquid film on the disk during
read and write operations. Examples of these types of disk drives are described in IBM’s U.S. Patent 5,202,803
and published European application EP 367510; U.S. Patent 5,097,368 assigned to Conner Peripherals; and
U.S. Patent 5,041,932 assigned to Censtor Corporation.

Disk drives are sensitive to external shock and vibration that can cause the heads to move to the wrong
track during a track accessing or "seek" operation or to move off track during a read or write operation. The
writing of data on the wrong track is unacceptable because it usually results in the loss of data on the track
that is written over. Various techniques have been proposed to address this problem by sensing the external
force and either compensating for it or shutting down some operation of the disk drive until the force is removed.
These techniques typically involve the use of conventional accelerometers mounted to the disk drive housing.
European published patent application EP 264535, assigned to Hewlett-Packard, describes a disk drive that
uses accelerometer output as feedback into the actuator tracking control or servo system to compensate for
shock or vibration-induced tracking errors. Japanese published patent application JP 03-252962, assigned to
NEC Corporation, describes a disk drive that uses accelerometer output to move the heads to a parking zone
and stop rotation of the disk drive motor when the accelerometer output exceeds a predetermined value.

As disk drives become smaller and their track density (i.e., number of data tracks per radial inch) increases,
the effect of external shock and vibration becomes more pronounced. This is especially true in rotary actuator
disk drives when the external force is in a direction that would cause the actuator to rotate. What is needed is
a disk drive having a sensing device that produces a more rapid and reliable response than conventional ac-
celerometers to external forces to maintain the heads on track and/or inhibit the writing of data on the wrong
track.

Accordingly, the present invention provides a data recording disk drive comprising: a data disk having
tracks for the recording of data; a motor connected to the disk for rotating the disk; a transducer for reading
data from or writing data to the tracks; a carrier for supporting the transducer near the surface of the disk; an
actuator connected to the carrier for moving the carrier and supported transducer across the tracks and for
maintaining the transducer on a desired track; means for detecting the rate of change of acceleration of the
disk drive in response to an external force; and means for supporting the motor, actuator, and acceleration
rate detecting means.

An embodiment comprises a disk drive that includes acceleration rate sensing for controlling or modifying
one or more disk drive operations in response to external shock or vibration. The invention is based on the
observation that in the typical magnetic recording disk drive environment, the initial off-track displacement of
the head from the data track due to an external force is proportional to the rate of change of acceleration, and
not the acceleration itself.

In the preferred embodiment, an acceleration rate sensor is mounted on the disk drive housing. The sensor
includes two spaced-apart piezoelectric transducers that operate in current mode. The transducers are con-
nected to an interface circuit that generates two voltage signals that are directly proportional to the angular
and linear acceleration rates, respectively, when the disk drive is subjected to an external force. The disk drive
microcontroller uses the voltage signals to inhibit writing of data or modify the servo control signal to maintain
the heads on track during track seeking or following. The microcontroller can combine the two signals to de-
termine the acceleration rate of the rotary actuator, which can then be used to modify the servo control signal.
This permits the use of an unbalanced rotary actuator, which makes the disk drive smaller and lighter and re-
duces power consumption.

The present invention further provides a transducer for measuring a rates of change of acceleration in at
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least one direction, two spaced apart piezoelectic elements having respective mutually inwardly facing sur-
faces bonded to a centrally disposed block and having respective seismic plates bonded to mutually outwardly
facing surfaces of said piezoelectric elements, said peizoelectric elements being arrange to produce respec-
tive output signals indicative of the rates of change of acceleration.

Although the transducer disclosed herein finds application in disk drives or magnetic storage drive, it can
equally well be used to measure acceleration rates of other moving objects.

For a fuller understanding of the nature and advantages of the present invention, reference should be made
to the following detailed description taken together with the accompanying figures.

Fig. 1 is a block diagram of a magnetic recording disk drive incorporating the present invention.

Fig. 2 is a top view of the disk drive with the housing cover removed illustrating the position of the accel-
eration rate sensor relative to an unbalanced rotary actuator.

Fig. 3 illustrates the component parts of the acceleration rate sensor and its interface circuit.

A disk drive incorporating the present invention is shown schematically in Fig. 1.

A magnetic recording disk 10, having "top" 11 and "bottom" 12 surfaces, is supported on a spindle 6 and
rotated by the drive or spindle motor 8. The magnetic recording media on each disk surface 11, 12 is in the
form of an annular pattern of concentric data tracks (not shown).

A head carrier 13 is positioned on the top surface 11 of disk 10. Carrier 13 is an air-bearing slider having
an air-bearing surface (or disk side 20) facing toward the disk, and a trailing end 22. The head carrier 13 sup-
ports a read/write transducer 21 on its trailing end 22 for reading and writing data to the magnetic media on
disk surface 11. The transducer 21 may be an inductive read/write head or a dual element head having an in-
ductive write element and a magnetoresistive read element. The carrier 13 may be a three-rail, air-bearing slid-
er of the type described in IBM’s U.S. Patent 4,894,740, with the transducer 21 being located on the trailing
end of the center rail. Carrier 13 is attached to an actuator arm 14 by means of a suspension 15. The suspension
15 provides a slight spring force that biases the carrier 13 toward the disk surface 11. A second carrier 17, also
supporting a read/write transducer, is positioned on the bottom surface 12 of disk 10 and is attached to an
actuator arm 18 by means of a suspension 19.

Actuator arms 14, 18 are attached to a rotary actuator 27. The actuator is typically a rotary voice coil motor
(VCM) that comprises a coil movable within a fixed magnetic field, the direction and velocity of the coil move-
ments being controlled by motor current signals supplied by a microcontroller 29. As the disk 10 rotates, the
rotary actuator 27 moves the carriers 13, 17 in a generally arcuate path radially in and out over their respective
disk surfaces 11, 12 so that the read/write transducers may access different portions of the disk surfaces where
data is desired to be read or recorded. Both the actuator 27 and spindle motor 8 are mounted to a portion of
the disk drive housing 9.

In this conventional type of air-bearing disk drive, the rotation of the disk 10 generates an air bearing be-
tween the carrier 13 and its associated disk surface 11. During operation of the disk drive, the air bearing thus
counterbalances the slight spring force of the suspension 15 and supports the carrier 13 off and slightly away
from the disk surface 11 by a small, substantially constant spacing. The present invention is also applicable
to other types of disk drives, however, such as contact or near-contact recording disk drives, where the head
carrier is urged into contact with the disk during read and write operations.

The various components of the disk drive are controlled in operation by control signals generated by mi-
crocontroller 29. Typically, the microcontroller 29 comprises logic control circuits, memory storage, and a mi-
croprocessor, for example. The microcontroller 29 generates control signals for various drive operations, such
as spindle motor control signals on line 23 and track following and seek control signals on line 28 for actuator
27.

The spindle motor control signals on line 23 are sent to spindle controller 30 that controls the current to
the armatures of spindle motor 8 to rotate the motor at a constant rotational speed during drive operation. Spin-
dle controller 30 also provides status signals to microcontroller 29, e.g., a speed signal indicating that spindle
motor 8 has achieved operational speed.

The track following and seek control signals on line 28 are generated by microcontroller 29 that runs a
servo control algorithm in response to input head position error signals (PES). The head 21 reads head position
servo information recorded on the disk, typically at equally angularly spaced servo sectors embedded between
the data sectors. Those signals are amplified by read amplifier 36, demodulated by demodulator 38, and con-
verted to the digital PES by analog-to-digital (A/D) converter 40. The track following and seek control signals
on line 28 are sent to digital-to-analog converter (DAC) 32 that converts them to analog voltage signals which
are output to VCM driver 34. VCM driver 34 then sends corresponding current pulses to the coil of actuator 27
to pivot the arms 14, 18 radially inward and outward to optimally move and position the carriers 13, 17 to the
desired data track on the respective disk surfaces 11, 12.

Data from disk surface 11 is read by the read/write head 21, amplified by amplifier 36, and sent to the
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read/write channel 25. Write signals are sent through read/write channel 25 to head 21 for writing data on disk
surface 11.

In the present invention, an acceleration rate sensor 50 is mounted to the disk drive housing 9. Rate sensor
50 includes spaced-apart piezoelectric transducers (PZT) 52, 54 and seismic mass plates 56, 58 attached to
PZTs 52, 54, respectively. Sensor 50 provides two output currents |1, 12 from PZTs 52, 54, respectively, that
are directed to an interface circuit 55. Interface circuit 55 provides two output voltage signals V1, V2, corre-
sponding to I1, 12 input signals, that are converted by A/D converters 57, 59 and input to microcontroller 29.
Unlike conventional accelerometers, sensor 50 directly detects the rates of change of acceleration along one
or more axes. The microcontroller 29 uses the detected acceleration rates to generate a write inhibit signal to
read/write channel 25 when the acceleration rate exceeds a predetermined value. The predetermined value
that serves as the threshold for triggering the write inhibit is a constant either stored in a memory device ad-
dressable by microcontroller 29 or incorporated into microcode as part of the control algorithm. Alternatively,
the V1, V2 outputs of sensor 50 can be sent to comparators having fixed values and the comparator outputs
sent to A/D converters 57, 59 to reduce computation time in microcontroller 29. In addition to generating the
write inhibit signal, the microcontroller 29 can use the acceleration rate signal in the servo control algorithm
to compensate for external shocks and vibration to maintain the heads on the desired data tracks.

Fig. 2 is a top view of the disk drive with the housing cover removed and illustrates the position of sensor
50 relative to actuator 27. The actuator 27 shown in Fig. 2 is an unbalanced rotary actuator in that it has its
center of mass 70 located a distance r.,, from its axis of rotation 72. In contrast, a balanced rotary actuator
typically includes a counterweight on the back side of axis 72 to balance the weight of arm 14 and head carrier
13 so that the center of mass coincides with the axis of rotation 72. Actuator 27 pivots on axis 72 through an
angle ® to move the head carrier 13 radially inward and outward in a generally arcuate direction 74 across the
surface 11 of disk 10.

The acceleration rate sensor 50 is secured to the base of housing 9 so that the plates of PZTs 52, 54 (and
their poling directions) are aligned parallel to an axis B that is generally parallel to the direction 74 (generally
perpendicular to the centerline 75 of arm 14 when the head carrier 13 is at the middle of the data band on disk
surface 11). The center of sensor 50 is aligned through an axis a parallel to axis of rotation 72 of actuator 27.
The axis a of sensor 50 is located a distance h from the actuator center of mass 70 along an axis generally
perpendicular to axis p.

Referring now to Fig. 3, the operation of sensor 50 with interface circuit 55 will be described to explain the
manner in which the output of PZTs 52, 54 are used to directly detect angular and linear acceleration rates.

The PZTs 52, 54 are plates of conventional lead-zirconate-titanate material having their poling directions
parallel to the B axis direction, which is generally perpendicular to the actuator arm axis 75 (Fig. 2). The PZTs
52, 54 are bonded to the parallel sides of a stainless steel block 51 that is secured to the base of housing 9,
and are spaced apart a distance w. The center of block 51 and thus sensor 50 has a central axis in the o di-
rection, which is parallel to pivot axis 72 of actuator 27 (Fig. 2). Plates of stainless steel or other suitable material
serve as seismic mass plates 56, 58 and are bonded to PZTs 52, 54, respectively.

As will be explained, the current signals I1, 12 from each of the PZTs 52, 54, respectively, are proportional
to the combination of rates of change of angular («) and linear (B) acceleration when an external shock is pres-
ent. The current signals 11, 12 are fed into the interface circuit 55 through leads 82, 84 that are attached to the
nongrounding surface electrodes of the PZTs 52, 54, respectively.

Interface circuit 55 is made up of operational amplifiers 85, 86, 87, 88; unity gain inverting amplifier 90;
and feedback resistors R1, R2, R3. By adjustment of the gains for the various stages of the interface circuit
55, the output voltage signals V1, V2 obtained are each made proportional to one of the angular and linear
acceleration rates, as described as follows.

The electric displacement D of a piezoelectric material, such as that used in PZTs 52, 54, can be written
as:

Dy =dwe + e.nE1 (1)
where 14 is the in-plane shear stress along the z axis and acts on a plane whose normal is in the x direction

(see xyz coordinate system in Fig. 3), d is the piezoelectric strain/charge constantin the xz plane, € denotes

the permittivity constant of the piezoelectric material, E is the electric field, and the subscripts 1-3 represent
X, Y, Z. The current I1(t) generated within PZT 52 is given by:

_d
I1(t) = e fs (dr,, + €,,E;) dydz (2)
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where the integration is over the surface 8 of the PZT 52. Since the current amplifier 85 acts as a virtual ground,
the electric field E is nulled so that this term can be dropped from Eq. (2), and thus all of the current detected
can be attributed to the stress rate induced in the PZT 52 due to the external force. For the sensor shown in
Fig. 3, the shear stress 7, is

Te = g-Ka + KB (3)

where K is a constant determined from the densities and thicknesses of the seismic mass plate 56 and PZT
52, a = ot) and B = B(t) are the angular and linear accelerations of interest. Substituting Eq. (3) into Eq. (2)
yields:

- -d ., Wl 4 M|l 4
N A PR S L

Similarly, where mg and m, are the masses of the seismic mass plate 56 and PZT 52, respectively, the
governing equation for the current signal generated from PZT 54 is

d m )| 4
R kT

Thus, the signal V1(t) output from interface circuit 55 in Fig. 3 is

I2(t) = —[Wi;d (ms + _n;_lz)

da

_ RyR, _ _ RRy ca
vi(t) = =22 [11(t) - I2(t)] dt (6)

R, R,

w3 [, + 2]

which indicates that the sensor 50 provides a low impedance output voltage signal VA(t) that is linearly pro-
portional to just the angular acceleration rate da/dt. Similarly, the voltage signal V2(t) from interface circuit
55in Fig. 3 is

R3R1 — R3Rl
R [I1(t) + I2(t)] = -

2 2

v2(t) =

- 3) 22

which is linearly proportional to just the linear acceleration rate dp/dt.

Since the rate of stress within each of the PZTs 52, 54 is linearly proportional to one of the acceleration
rates for the mechanical configuration designed, an angular and linear acceleration rate sensor is achieved
that detects angular and linear acceleration rates directly. More specifically, if all the resistors R1, R2, R3 in
the interface circuit 55 have the same value, the angular acceleration rate is the voltage signal V1 divided by
a constant. That constant is a function of the mass of seismic mass plate 56, the mass of PZT 52, the piezo-
electric constant, and the separation distance w of the two PZTs 52, 54. Similarly, the linear acceleration rate
is the voltage signal V2 divided by a different constant. That constant is a function of all the parameters that
influence the measurement of V1, excluding w.

The output voltage signals V1, V2 are converted to digital signals by A/D converters 57, 59, respectively
(Fig. 1), and input to microcontroller 29. The microcontroller 29 can use these digital signals to perform or mod-
ify a number of disk drive operations when the digital values, or some combination of them, exceed a prede-
termined value. For example, if the digital value corresponding to V1 exceeds a predetermined value (a con-
stant either stored in a memory accessed by microcontroller 29 or written into the microcode), thus indicating
an excessive angular rate of change of acceleration, a write inhibit command is sent to read/write channel 25
to prevent the writing of data on the wrong track.



10

18

20

25

30

35

40

45

50

55

EP 0 655 736 A2

The ability to simultaneously obtain angular and linear acceleration rates allows for the unique capability
of selecting the weighted combination of these outputs for use with unbalanced rotary actuators. For a bal-
anced rotary actuator whose center of mass is located at its pivot point, linear accelerations in the plane parallel
to the disk will not produce any relative displacement of the head from the data track. For a small disk drive,
much of the mass and inertia of the actuator is located in the arms, suspensions, and sliders. In such a drive,
a counterweight must be placed on the opposite side of the actuator pivot point to balance the actuator. This
type of balancing has the penalty of increasing inertia, and hence reducing access time and/or increasing pow-
er requirements. However, for unbalanced rotary actuators, as shown in Fig. 2, where the center of mass 70
is located a distance r.,, from the pivot point 72, there will be an angular reaction force to an in-plane linear
acceleration. For this case, the acceleration rate sensor 50 output is a combination of angular and linear ac-
celeration rates that are weighted by the relative inertia effects these two accelerations have on off-track dis-
placement. The effective angular acceleration rate for an unbalanced rotary actuator is

d3 _ Mhr | de Mr.| dp
dt3(e)_(l+ I)dt+(1)dt (8)

where a is the angular acceleration, B is the linear acceleration normal to the axis 75 of the arm 14, M is the
mass of the rotary actuator, and | is the moment of inertia of the rotary actuator about its pivot point 72. Eq.
(8) shows that the angular acceleration rate for an unbalanced rotary actuator is directly related to V1 and V2
for the interface circuit 55, since da/dt and dp/dt can be substituted with terms that are constants times V1
and V2, respectively, from Eqgs. (6) and (7). Thus, it is possible in the present invention for the microcontroller
29 to use the digital values of V1 and V2 in the servo control algorithm to rapidly anticipate and compensate
for external forces, especially those in-plane forces, in a disk drive with an unbalanced rotary actuator. For a
typical VCM 27 used in today’s disk drives (see Fig. 1), the angular acceleration d260/dt? exerted by VCM 27
to the slider 13 is proportional to the actuator current I,. The d3@/dt3 shown in Eq. (8) measures the time der-
ivative of the actuator angular acceleration (the angular acceleration rate) when an external excitation is ap-
plied to an unbalanced actuator. Therefore, if the microcontroller 29 modifies the actuator current I, to over-
come the external shock or vibration present, which is accomplished by adding a term to the actuator control
current equal to d3®/dt® multiplied by a constant gain factor, the angular acceleration rate of the unbalanced
actuator can then be controlled. This action constitutes a damping control and thus increases the robustness
of the disk drive in a shock or vibration prone environment, such as notebooks and other portable computers.
As aresult, the disk drive can be made without the penalties of increased weight, reduced access time and/or
increased power requirements that are necessary in a balanced rotary actuator disk drive.

In the typical magnetic recording disk drive environment, the initial off-track displacement of the head from

the data track will be proportional to the time derivative of the acceleration, i.e., the rate of change of accel-
eration, and not the acceleration itself. For the disk drive to be able to inhibit writing, or move the actuator to
a safe location, or do track seeking or following, all in the presence of external shocks and vibration, it is nec-
essary to sense the external forces as early as possible. This is especially the case as the track density (i.e.,
the number of data tracks per radial inch) continues to increase in disk drives. A general forcing function rep-
resenting the external shock can be expanded into a combination of the zero order term (the force magnitude
at time equals zero), the first order term (the force component that grows linearly with time), and all of the
higher order terms. For a realistic shock force that can appear in a magnetic disk drive, the zero order term is
zero (because the shock possesses the nature of having zero initial force) while the first order term increases
rapidly with time. Thus, a shock signal at a detecting sensor in the disk drive will be dominated by the first
order term when the shock just arrives at the sensor. Essentially, this means that the only term that is nonzero
at time equals zero is the acceleration rate. More specifically, the realistic shock force mentioned above can
be expressed as:
o o
de deé
where 0" represents the time immediately after the shock arrives. The displacement of slider 13 (Fig. 1), in
response to this shock force, can be easily shown to be

X(t—>0" = ﬁ%(t-ﬁ)ts +
s

f = df + + t2 + 8
(t>07) = L 00t + 5 (t50) 25 + T (t0) 75 + . (9)

1 d%

S

3
where M; is the effective mass. Therefore, it is clear from Eq. (10) that the acceleration rate, (cji_t;( (t—>0%), is the
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lowest order nonzero term when the shock just arrives, i.e., t—>0*

Since it is desirable to be able to detect the shock as early as possible, the present invention, which allows
direct detection of acceleration rates, provides a significant advantage over disk drives that use conventional
accelerometers.

In addition to the improved response time due to the direct detection of acceleration rate, the present in-
vention provides an additional advantage over disk drives that use conventional accelerometers. The piezo-
electric transducer used for acceleration rate sensing can be interfaced in current mode, as shown in Fig. 3,
as opposed to voltage mode that is required if the piezoelectric transducer is to sense acceleration. This dif-
ference is important because the current mode results in lower impedance and thus an improvement in elec-
tromagnetic interference (EMI) sensitivity.

It should be noted that it is within the scope of the present invention for the detection of acceleration rate
to be accomplished by using digital signal processing performed within the microcontroller 29 by feeding back
regular acceleration signals obtained from one or more conventional accelerometers. This may be acceptable
provided the processing time is sufficiently fast so there is no lag between the time of the external shock and
the time for the disk drive to respond with a write inhibit or other function. However, taking the derivative elec-
tronically on the acceleration signal will introduce more noise so that the direct detection of acceleration rate
is the preferred method.

Claims

1. Adata recording disk drive comprising:

a data disk having tracks for the recording of data;

a motor connected to the disk for rotating the disk;

a transducer for reading data from or writing data to the tracks;

a carrier for supporting the transducer near the surface of the disk;

an actuator connected to the carrier for moving the carrier and supported transducer across the
tracks and for maintaining the transducer on a desired track;

means for detecting the rate of change of acceleration of the disk drive in response to an external
force; and

means for supporting the motor, actuator, and acceleration rate detecting means.

2. The disk drive according to claim 1 further comprising means electrically coupled to the transducer and
the acceleration rate detecting means for inhibiting the reading or writing of data when the detected ac-
celeration rate exceeds a predetermined value.

3. The disk drive according to either of claims 1 or 2 further comprising means electrically coupled to the
actuator and the acceleration rate detecting means for adjusting the position of the transducer in response
to the detected acceleration rate.

4. Thediskdrive according to any preceding claim, wherein the acceleration rate detecting means comprises
means for directly sensing acceleration rate.

5. The disk drive according to any preceding claim, further comprising means for differentiating the directly
sensed acceleration.

6. The disk drive according to any preceding claim, wherein the actuator is a balanced rotary actuator, and
wherein the acceleration rate detecting means comprises means for detecting angular acceleration rate.

7. The disk drive according to any of claims 1 to 5, wherein the actuator is an unbalanced rotary actuator,
and wherein the acceleration rate detecting means comprises means for simultaneously detecting angular
and linear acceleration rates.

8. The disk drive according to any preceding claim wherein the means for detecting acceleration rate com-
prises a pair of spaced-apart piezoelectric transducers and an interface circuit coupled to the piezoelectric
transducers for generating a first signal proportional to angular acceleration rate and a second signal pro-
portional to linear acceleration rate.

9. Thediskdrive according to any preceding claim, further comprising means electrically coupled to the pie-
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zoelectric transducers for generating, from the first and second signals, a signal representative of the an-
gular acceleration rate of the unbalanced rotary actuator.

The disk drive according to either of claims 8 or 9 further comprising means coupled to the interface circuit
for inhibiting the reading or writing of data when the first or second signals exceeds a predetermined value.

The disk drive according to any of claims 8, 9 or 10 wherein the disk drive includes a servo control system
responsive to servo positioning information read from the disk for moving the actuator, the servo control
system being coupled to the interface circuit and including means responsive to the first or second signals.

A transducer for measuring a rates of change of acceleration in at least one direction,

two spaced apart piezoelectic elements (52,54) having respective mutually inwardly facing surfaces
bonded to a centrally disposed block (51) and having respective seismic plates (56,58) bonded to mutually
outwardly facing surfaces of said piezoelectric elements (52,54), said peizoelectric elements (52,54) be-
ing arrange to produce respective output signals indicative of the rates of change of acceleration.

A transducer as claimed in claim 12, further comprising

means for producing, from said respective output signals, first and second voltages,

a first differential amplifier (87) for receiving said first and second voltages and producing a differential
voltage signal (V1(t)) therefrom, and

an amplifier (90) for receiving said second voltage and producing a modified version thereof, and

a second differential amplifier (88) for receiving said first voltage and saod modified version of said sec-
ond voltage and producing a differential voltage signal (V2(t)) therefrom.

A transducer as claimed in claim 13, wherein said output signals are currents (11(t), 12(t)), and
said means for producing said first and second voltages comprises a pair of current to voltage converters
(85,86) for converting said respective output currents (11(t), 12(t)) into said first and second of voltages.
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